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CFKWIATINSTRUC~ CHANGES PRECEDEREPLICATION IN
INITIATED REPLICONS DURING INHIBITION OF DNAELONGATIO/.

J.A. E’Anna, D.L. Grady, and R.A. Tobey

Life Sciences Division, Los Alamos National Laboratory
Los Alamos, New Mexico 87545

ABSITWCT Partial inhibition of replicative DNA
synthesis by hydroxptea or other agents produces
changes in the composition and struct)~re of bulk
chrunatin. We have begun to investigate the
structural changes in specific regions of the
gw)ome using synchronized cells and cloned genomic
probes, Current results indicate changes in
chromatin structure occur preferentially in
initiated replicons and can precede the replication
fork during irhibitiorl of DNAelongation,

INTRODUCTION

Synchrony of CHO eel!; in early S phase by allowing G]
cells to enter S phase in the presence of 1.0 mll hydLoxyvrea
or other agents for 10 h produces (a) a 30% depletion of
histone H1 compa[ed with expmentially growing cells, (b)
abnormally short repeat lengths in the 3-5% of the total DNA
that is replicated, and (c) a shortening in the measured
repeat lengths in unreplicated bulk chromatin (1,2). These
are ●specially interesting results, bcause synchrony of
cells in this way appars to produce an acmmulation cf
initiated, partially e~mgaced replicons that arise from
normally early replicating DNA. In term of this model,
changes in HI content and rc~at lengths can be “explained”
if it is assumed that lrIFs of histone H1 and changes in
ch:omtin structure nomally occur throughout a replicon at
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initiation, or they can move ahead of the fork during
inhibition of DNAelongation (l).

We have begun to test these models by investigating
whether changes in nucleosome repeat lengths occur
preferentially in initiated replicons and whether they can
precede the replication fork during inhibition of DNA
elongation,

METHODS

Cl~inese hamster (line C“HO)suspension cultures were
synchronized in G1 by the isoleucine deficiency method.
They were further synchronized in early S phase by releasing
G1 cells into complete medium containing 1.0 mll hydrox~rea
for 10 h, or they were subjected to prolonged block in early
S phase by releasing G1 cells into the presence of 1.0 mM
hydroxyurea for 24 h. Cell synchrony and average !)NA
content per cell were determined by flow cytometry (1,2).

Isolated nuclei were digested with micrococcal nuclease
at 37°C as functions of time, resulting in ciifferent per-
centages of acid soluble bulk DNA (l).’ “Isolated DNAwas
further treated with RNase before beirq analyzed in 1.5%
agarose flat-bed gels (Tris-borate-EDTA buffer), photo-
graphed, and transferred to Zet.abind membranes with 0.4 N
NaOH,

The blots were hybridized with a 32P-labeled nick-trarls-
lated 1076 bp metallothionein II (MTII) CHO gemmic probe
which begins at pasition -247 and extends 62 bp beyond the
“transcribed” sequences. After autoradiograp!,, the blots
~$re stripped of the MTII probe a,~d rehybridized vith n

p-labeled nick-translated plasmid probe containing
multiple copies of the repeated sequence pHuR--O33.
Nucleosome repeat lengths were calculated usinq a linea~
regression method (1).

RESULTS

Metallothionein (MTII) is a single-copy un?xptessed,
noninducible gent’ that is replicated during early S phasv in
wild type CHO cells (3), CHO pHuR-093 is a Kepeated :ecpence
or a set of repPated sequences that is detected by h~!lLidi-
zation with a cloned hexamelic repeated sequence rallmi
pHuR-093, derived from hurrmn fibroblasts. The pHl:R-093
repeated 5P(IilPnrr rkws not aplwn[ to he r~[)liratec! utlkll
>1,5 h aft,’t synrhronizrf? r:!lly S pha$,~ rrlls atf’ [Oledrrf]
t(> tps~mw cPll r-yc.lP ttavrrr~ (Impiltllist)(’rl lt’s~lltc). ILlsf’(!



on the proposed models, (a) synchrony of cells in early S
Dhase should produce a collection of initiated replicons
arising from early replicating DNA (including MTII), (b)
changes in chromtin structure should occur specifically in
initated replicons and not in later replicating DNA
(including PHuR-093), and (c) the changes in the early
replicating MTII should exceed those observed for bulk
chromatin, because only early replicating DNA should
contribute to changes in bulk chrornat.in as cells progress
from G1 to early S phase.
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FIGVF.E 1. Measur~d nucleosome repeat lel?gths of bulk
ct-romtin (a), the MTII gene region (b), and pHuR--O53 (c) as
functions of the percentag~ arid soluble bulk DNA from G1
cells subjected tc prolonged block in S early ph,?sr’ (24))
HU),
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FIGURE 2. Changes in rep?at lengths between early S
phase cells and G.’. cells (lOh HU - Ile-) and between cells
subjected to prolonged block and G1 cells (2th HU - Ile- )
for bulk chromatin (EtBr), MTII, or pHuR-093 plotted as
functions of acid soluble bulk DNA. The cuLves were
computed from data in Figure 1.

Measurements of changes in the repeat lengths betwee~l
G1 and early S phase cells (FIGURES 1 and 2) indicate that
the results are consistent with the predictions. The e~rly
replicating MT~I gene exhibits 5-9 bp reductions in :epeat
lenqths between early S phase and G1 cells. These
reductions are tlm same as those seen in the HTI1 region
after prolonged 24 h S Fhase block when there are
substantial changes in bc,th bulk chromatin and the early
replicating MTII gene region. Also, the changes in MTII
between earl!~ S phase and Gl cells exceed those measured for
bulk chromat~n. In contrast, the repeat lengths of the
later replicating pHuR-093 are nearly constant.

Whereas these results indicate that changes are occurr-
ing preferentially in the MTIf region, compared with bulk
chromatin and LWOpHuR-093, they do not tell us whether MTII
was replicated as G1 cells entered and became synchronized
in early S phase,

Slot blot analy~is of MTI1 contents in G1 and early S
})lct analysis of BrdU-labeledphase cells and s101-.

replicate DNAand (mlabrlecl old DNA from early S phnse
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cells indicate that 10210% of the total MTII is newly
replicated in the early S phase cells synchronized with
hydroxyurea. Thus, the r~sults indicate that structural
changes precede MTII replication and, apparently, the
replication fork by a, yet, undetermined distance.

DISCUSSION

The results are consistent with the notions that changes
in chromatin structure (a) occur preferentially in initiated
replicons and (b) can precede the fork during inhibition of
DNAelongation. Whereas che changes in front of the fork
indicate that structural changes or “replicon unfolding” can
be uncoupled from DNAelongation in initiated replicons, we
do not know whether (a) the changes are normal events that
occur at initiation during uriperturkd replication cr (b)
they are reversible or irreversible perturbations of norrml
processes. In either case, they could be important
components in the production/induction of genomic damage by
chemical or physical agents and genomic rearrangements
produced by transient iti,ibition of DNA Synthesis (4).
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